Hybridization kinetics of double-stranded DNA probes for rapid molecular analysis.
This study reports the hybridization kinetics of double-stranded DNA probes for rapid molecular analysis. Molecular binding schemes based on double-stranded DNA probes have been developed for quantitative detection of various biomolecules, such as nucleic acids and DNA binding proteins recently. The thermodynamic competition between the target and the competitor in binding to the probe provides a highly specific mechanism for molecular detection. The kinetics of the double-stranded DNA probe, on the other hand, represent another key aspect toward its general applicability for a wide set of biomedical applications. Herein we report a systematic investigation of the kinetics of double-stranded DNA probes. The signal-to-background ratio and assay time of the double-stranded DNA probes are optimized at a high ionic strength (over 100 mM NaCl). Both the donor probe and the quencher probe sequences are shown to be important in the hybridization kinetics. A long sticky end of the probe is able to dramatically accelerate the kinetics of the assay. To provide a quantitative description of the kinetics, a two-stage binding model is developed to describe the major features of the kinetics of the assay. The sensitivity of the kinetic model and the dominant affinity constants are studied. The study provides a general guideline for the design of the probes for reducing the total assay time. With an appropriate design of the probes, the assay can be finished within minutes at room temperature.